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Abstract Certain developed countries have experienced
the ‘peak car’ phenomenon. While this remains to be con-
firmed longitudinally, it looks certain that future mobility
in Europe and elsewhere will be shaped by a particular
technological development: driverless or autonomous
transport. The ‘autonomous car’ ignites the imagination,
yet the research and debate on this topic largely focus on
the ‘autonomous’ and not adequately on the ‘car’ element.
Like any new technological development, autonomous
transport presents ample opportunities to better our mo-
bility system, but similarly it carries risks and can lead
into a future mobility that exacerbates, rather than re-
lieves, current deficiencies of our mobility systems, in-
cluding its high carbon and high cost characteristics.
Now it is high time to explore these, before we lock our-
selves into the autonomous car future. Using Low Carbon
Mobility (LCM) as a guiding framework to assess mobil-
ity patterns and based on an extensive literature review,
this paper aims to explore where there is a gap between
the likely and desirable outcomes when developing the
autonomous car and suggest how we might reduce it.
Moreover, enhancing on global empirical evidence and fore-
casts about the opportunities and threats emerging from ICT
deployment in transport and initial evidence on the develop-
ment of the autonomous car, the paper concludes that a desir-
able outcomewill only come if technological development will
be accompanied by a social change. A change where public
and sharing will be seen as superior to private and individual
transport, could make the autonomous car a blessing.
Keywords Autonomous car . Peak car . ICT for transport .
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Introduction
The ‘peak car’ phenomenon caught the transport and mobility
research community by surprise. In several countries, travel
surveys at national level suggest that car use in recent years
has stopped growing and even declined [1, 2], including coun-
tries such as the US which is the champion of private car
reliance. Other countries where such a phenomenon has been
observed include France, Germany, Great Britain, Japan and
Norway. Researchers are beginning to recognise a drop in
licensing in Australia, North America, Japan, and most of
Europe and are pondering the implications of this for future
mobility trends and for current transport policy [3] (see also
Special Issue of Transport Reviews, Vol. 33 Is. 3).
Even if still limited to relatively few countries and a trend
spanning a relatively short period of time (10–20 years), the
observed changing propensity of people to drive can mark a
dramatic change in the way we as a society prefer to move.
Stokes [4] argues that given what is known about ‘peak car’
we cannot forecast with any certainty future levels of car use,
and a number of different futures are plausible, which could
lead to a rise, a fall, or stability in levels of car travel. While
intriguing, the ‘peak car’ phenomenon, especially in the coun-
tries already experiencing it, is likely to be a short lived phe-
nomenon due to an imminent development in transport
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technology, which will mark the next transport revolution.1
This new technology is the Autonomous Vehicle (AV), also
known as the self-driven or driverless car.
According to the US Department of Transportation’s Na-
tional Highway Traffic Safety Administration (NHTSA):
Bself-driving vehicles are those in which operation of the ve-
hicle occurs without direct driver input to control the steering,
acceleration, and braking and are designed so that the driver
is not expected to constantly monitor the roadway while op-
erating in self-driving mode^[6]. Their automation can be
defined according to five levels (see [6] for details). Currently
we are at levels 2–3 but the vision is to reach level 4 within the
next two decades and this forms the basis of this paper. In this
context, it is important to understand that for a vehicle to
qualify as fully autonomous, it should be able to navigate itself
in real traffic within roads which have not been specifically
adapted for its use, but this does not mean that there will not be
broader modifications to road infrastructure to accommodate
the AVs. Through the use of V2I (vehicle-to-infrastructure)2
and V2V (vehicle-to-vehicle)3 communication which will re-
quire adaptation of both road infrastructure and vehicles, AVs
will be able to navigate in complex urban environments.
Given the fact that 54 % of the global population currently
lives in cities and is responsible for 64 % of total kilometres
travelled or 10 billion trips daily, along with the projection that
66 % of the global population will live in cities by 2050
increasing urban kilometres travelled threefold [2, 8], the AV
is in every aspect a ‘game changer’ that can modify beyond
recognition our transport and mobility system and as a conse-
quence our life. Combined with the ‘peak car’ phenomenon,
which can for example be observed in London, where private
transport mode use has peaked around 2001 and has been
decreasing since [9], AVs could further secure—even en-
hance—private car mobility by navigating autonomously
within our cities4. At the same time, AVs offer a unique op-
portunity to de-privatise car use.We see the former option as a
curse and the latter as a blessing and debate them from differ-
ent perspectives in this paper. Society in general and transport
planners in particular must prepare for the forthcoming era.
During these preparations there are choices to be made and
there are opportunities to seize, alongside many pitfalls to
avoid. This paper adopts Low Carbon Mobility as the theoret-
ical framework to achieve its objective, employing an
extensive literature review and a contrast of the likely and
desirable outcomes of a mobility system relying on AV
technology.
The remainder of the paper is structured as follows: the
second section provides background facts and reviews con-
temporary schemes along with an overview of potential chal-
lenges to be faced by the automotive industry; the third section
summarises benefits and threats of AVs deployment, whilst
the fourth section provides evidence from London regarding
approaches and attitudes towards compact urban development
and electric or shared vehicles. This paves the way for the fifth
section which elaborates the key argument of this paper shed-
ding light on whether the autonomous car is a panacea or not,
distinguishing likely from desirable outcomes and offering
recommendations for policy makers, practitioners as well as
suggestions for future research.
The wider context surrounding autonomous cars
Moving towards low carbon mobility
Our mobility can be described as high-carbon, where carbon
serves as a proxy to a wide range of environmental impacts
associated with the way we travel and other negative condi-
tions such as obesity and sedentary lifestyle inherited by our
reliance and use of the private car. Low carbon mobility, on
the other hand, is defined as mobility that results in substan-
tially lower levels of carbon emissions and can be considered
as the ultimate goal for transport policy, planning as well as
research [10]. Hardly anyone will argue against the need to
move towards low carbon mobility, but there is hardly any
agreement on the optimal way to achieve it.
Givoni [11] suggests three generic pathways to reach low
carbon mobility (summarised below and in Table 1) and these
can also be seen as three different contexts to adopt and absorb
AVs into the transport system. The assumptions underpinning
the suggested pathways are that the current high carbon mo-
bility can be explained as follows: governments’ key concern
is to secure economic growth; investment in transport infra-
structure is believed to be a key factor in facilitating such
growth; and currently an increase in demand for transport
(freight and passenger) is directly linked with increasing emis-
sions. In principle, to achieve low carbon mobility these three
elements (economic growth, demand for transport, and emis-
sions from transport) need to be decoupled.
Currently the AV, and most of the research surrounding it,
is probably the most outstanding example of Pathway A,
where all efforts are focused on technological developments
to decouple mobility from emission of Green House Gases
(GHG) and air pollutants. Even if the AV technology as such
is not addressing the environmental impact of transport, it is
seen as offering the possibility to ‘green’ transport (see
1 A substantial change in the way we travel and move freight that takes
place over a relatively short period of time, about 25 years [5].
2 BV2I is the wireless exchange of critical safety and operational data
between vehicles and highway infrastructure, intended primarily to avoid
or mitigate motor vehicle crashes but also to enable a wide range of other
safety, mobility, and environmental benefits^[7].
3 V2V is a technology installed in selected cars allowing them to com-
municate with each other, i.e., vehicle-to-vehicle, using a system similar
to wi-fi. It operates complementary to V2I.
4 And as likely between our cities. However for brevity we focus our
discussion mainly on cities.
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Benefits and threats of future mobility patterns section for
more elaboration). In Pathway B, low carbon mobility is
achieved by decoupling economic growth from the demand
for transport—largely by focusing on localization and on re-
ducing distances travelled (the global element of society will
remain—hence glocalization). Since accessibility may be in-
creased either by increasing velocity (i.e., quicker access to
destinations) or proximity (i.e., closer location of destination),
it is obvious that corresponding decisions can lead to different
outcomes. In the US for example it has been found that solely
by doubling urban density within metropolitan regions, vehi-
cle kilometres travelled (VKT) can be reduced by up to 25 %
if employment locations are also concentrated spatially [12].
Therefore, a new lifestyle approach is advocated in Pathway
C, which questions the merit of constantly pursuing economic
growth. Focusing instead on improving well-being, which
means decoupling wellbeing from economic growth, can act
as the means to secure low carbon mobility.
The LCM framework corresponds well with the automo-
bile dependence and ‘peak car’ arguments [3, 13], which pro-
mote a paradigm change in transport planning. The ‘peak car’
theory suggests that Btrends in car ownership and use in de-
veloped economies […] have passed a turning point and are
now in long term decline^ [14]. Metz [15] stated that urbani-
zation and socio-demographics will play a key role in the
future determining car use as showcased in developed cities
which have reached that level, for example London. Focusing
on developed countries with available data, only Finland, Is-
rael and The Netherlands experienced small increases (<1 %
annually) in the driving license registrations of young people,
whereas all other developed countries experienced decreases
[16]. Ageing and the role of young adults at an age eligible to
acquire a driving license are key factors influencing synchro-
nous trends in France, Germany, the US and the UK, and will
continue to do so in the future [17, 18]. Despite it being un-
clear why the ‘peak car’ phenomenon is observed in devel-
oped countries whilst developing countries are projected to
increase their car ownership levels (Fig. 1), it is certainly clear
that AVs have the potential to revert such trends and reintro-
duce car use for all age groups irrespectively on whether they
own a license or not [17, 20]. How the latter trend is managed
in the future could alter car traffic forecasts currently based on
the ‘predict and provide’ model and have a substantial impact
on car use. In trying to explain ‘peak car’, attention seems to
focus on lifestyle and attitudinal factors [3], and this is likely
to be critical in aligning the likely and the desirable outcomes
of the development of the AV.
The AV’s anticipated potential
The potential annual quantified benefits from the use of AVs
has been estimated at US$1.3 trillion5 for the USA, which will
come from productivity gains (US$507bn), reduction in acci-
dent costs (US$488bn),fuel cost savings due to route optimi-
zation (US$158bn), reduction in congestion related fuel loss
(US$11bn). This equals around 75 % of the total transport
related GDP according to the United States Department of
Transportation. Such savings could generate funds to be used
for other policy aims since they could reach 8 % of US GDP.
Extrapolated at a global scale, this could yield global annual
savings of US$5.6 trillion. Of equal importance could be the
productivity gains which could be over US$500 billion annu-
ally since total time spent driving in the US is around 75
billion hours per year [21]. Reductions in transport costs of
about 90 % have been cited in the past [22], so such figures
may be remarkable but not surprising.
This anticipated potential has triggered global interest
about AVs and autonomous cars in particular. Suggestions
vary from conceptual ones such as SuperLev [23] to experi-
mental ones such as the Google self-driving car and initiatives
to date including some pilot vehicles. SuperLev is an innova-
tive suggestion simulated in Brazil which aims to make au-
tonomous public transport more convenient and user friendly.
It consists of a system of autonomous vehicles which travel in
a group similarly to a train to achieve aerodynamic efficiency,
but they can leave the group moving in separate directions at
particular points on the main line. Travel speed can be up to
three times higher compared to conventional rail services,
whereas infrastructure costs would be three times less than
conventional underground rail services. It is based on the ap-
plication of superconducting levitation by the use of
contactless mechanical components which convert torque into
movement through magnets [24, 25], and it increases efficien-
cy while reducing fuel consumption and emissions. Ultimate-
ly, its gains are achieved by allowing vehicles to travel
Table 1 Three alternative pathways to low carbon mobility - Source: [11]
Pathway Description Decoupling Name
A Mobility with less emissions Mobility from emissions Technology fix
B Growth with less mobility Economic growth from transport Glocalization
C Changing life style Wellbeing from economic growth Rethinking growth
5 This is the base scenario and this figure can range between US$0.7
trillion and US$2.2 trillion per year. Additionally, this figure presents a
one sided estimate as it focuses solely on the benefits, not including the
costs and benefits of OEMs and the initial cost of purchasing an AV.
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together while still having the autonomy to reach specific
destinations individually [23].
Equally futuristic plans were in place for the new city of
Masdar in Abu Dhabi where the 2getthere6 Personal Rapid
Transit (PRT),7 one of the first forms of autonomous public
transport realised, was initially planned to be used across the
city. Yet, due to the global economic crisis and after revisiting
transport plans and requirements for grid connected vehicles
[27], the plan was amended to offer PRT only as a pilot
scheme, but there is still a commitment to deliver a public
transport fleet serving the city centre which will only use
‘clean’ energy [28, 29]. Despite the first PRT having been
introduced in Morgantown, West Virginia in 1975, it is only
in the past few years that three small test schemes have been
launched in Masdar, Heathrow airport and Suncheon in South
Korea [30, 31]. Following this trend, a 6-month pilot scheme
has been launched in The Netherlands in 2015 linking Ede
train station with Wageningen University [32], whilst LUTZ
has been launched in Milton Keynes [33] and GATEway has
created a consortium of local authorities, companies and re-
search institutions to explore the technological, cultural, soci-
etal and legal challenges of AVs in Greenwich [34]. Similarly,
Gothenburg aims to have 100 self-driven cars in 2017 through
Drive Me. Consequently, it is apparent that AVs have a sig-
nificant potential which is already being tested worldwide.
While not questioning the merits of the above estimates
and research, there is a need to be aware of a technological
optimism bias [35]—in part influenced by commercial oppor-
tunities—and acknowledge risk and uncertainty, in large parts
stemming from likely unintended effects (see section
Choosing between the blessing and the curse).
The industry perspective
As anticipated, the automotive industry could be transformed
within the next decade due to this evolution, so corporations
have also been exploring autonomous mobility. Interestingly
though, those focusing on autonomous cars vary significantly,
from traditional car manufacturing firms (e.g., Audi, Renault,
Volkswagen, Volvo) to newly established ones manufacturing
electric cars (e.g., Tesla) or global software firms (e.g., Apple,
Google) with no prior experience in this industry. Expecta-
tions at the moment are for fully autonomous cars to be de-
ployed after 2019 [36–39].
It appears that future cars will consist of two major com-
ponents: hardware and software. Integrating processes, assem-
bling materials and providing user support could resemble the
contemporary format of the Information and Communication
Technology (ICT) industry, e.g., smartphones [21]. The soft-
ware element explains the rationale behind autonomous car
initiatives by software corporations, but it also highlights the
need for common international frameworks, first to test such
vehicles and then to make them available for public use. Co-
ordinating diverse objectives and at the same time meeting
wider policy targets arises as future challenges [17, 40].
Finding solutions to such challenges is of high importance
since widespread use of AVs can trigger innovation in other
industries too, such as sensor use, semiconductors, computer
Fig. 1 Global passenger car
ownership trends—Source: [19]
6 2getthere had served more than a million passengers in 2014. More
information about PRT in Masdar available here: http://www.2getthere.
eu/projects/masdar-prt
7 PRT is one of the first AV forms operationalized and it is a good choice
to test it in the Middle East, since religious and/or cultural reasons justify
currently the need to travel in small groups. According to ATRA [26],
Personal rapid transit systems attempt to eliminate negative impacts of
time delay and emissions due to regular public transport stops and
acceleration/deceleration by moving non-stop small groups of travellers
in automated vehicles on fixed tracks. When NHTSA Level 4 automation
of AVs will be available (which is a key assumption of this paper), PRTs
will be ahead of the SuperLev suggestion i.e., travelling solely on fixed
tracks and will be able to move anywhere within the transport network.
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vision, 3D measurement, remote control algorithms, and hu-
man gestures tracking. Thus, autonomous systems including
AVs have been included in the ‘eight great technologies’ of
manufacturing in the UK [41]. More broadly though, there
are potential impacts on several auto industries. Freight trans-
port will be among the ‘early adopters’ of AVs and a conser-
vative estimate of the respective benefits to this industry is
US$168bn annually, whilst TV media and telecommunication
industries are also anticipated to benefit [21]. It is crucial to
stress here though that regional, national and international sub-
sidies offered for car manufacturing and car use, namely export
and fuel subsidies, could be diverted to target AVs and facilitate
their wider use. Nonetheless, the market structure can affect
outcomes, depending on whether it is a private monopoly, per-
fect competition or publicly supplied [42]. At the same time,
especially from the low carbon mobility perspective, it must be
questioned if such subsidies should not go elsewhere in the
transport system (e.g., subsidizing electric bicycles) or even
other sectors (e.g., health, education). Nonetheless, how this
can be achieved remains a challenge since oil rich countries
still subsidise—with over US$291 billion per year globally—
fuel use, heavily benefitting (61.3 %) the top income quintile
[2]. To address such challenges, it has been proposed in the UK
to introduce a Minister for driverless cars as responsibility is
currently shared among two Ministers. Moreover, a national
strategy of deployment assessing wider impacts through pilot
trials in Bristol, Coventry, Greenwich and Milton Keynes has
been established, which will augment collaboration between
industry, academia and government agencies [43, 44]. Individ-
ual states are leading change in the US, with four states aside
the District of Columbia having introduced legislation allowing
AVs on their roads [45] and opening up opportunities for the
global automotive industry. The fundamental question still
pending though is what the main benefits and threats of invest-
ment in AVs are, and how these are shared across society.
Autonomous cars might be ‘green’, mainly by being ‘elec-
tric’ thus an important contributor to low carbon mobility.
However, even if this is a possible and most desirable out-
come, it is by no means guaranteed, although it is often taken
for granted. Developing the Electric Vehicle (EV) technology,
even if done in parallel to the development of AVs, is a fun-
damentally different technology and a different technological
development trajectory that has its own formidable chal-
lenges. It might align, or it might not, with AVs’ development.
Thus, it might turn out to be that the autonomous car will not
be electric—an outcome most likely determined by the indus-
try. If we assume that the autonomous cars will be electric, the
source of electricity used to power them may not be from an
environmentally friendly source. Likewise, electric cars’ bat-
tery autonomy8 and safe disposal at the end of battery life are
contemporary concerns of the automotive industry. Finally,
vested interests and fossil fuel subsidies may distort markets
[2] and the potential uptake of such otherwise environmentally
friendly initiatives, such as the electric autonomous cars.
Benefits and threats of future mobility patterns
Global megatrends such as urbanization, globalization, popu-
lation growth and aging, increasing social disparities, along
with a decrease of European Union fossil fuel reserves as part
of the world share to a shrinking 1.3 %—projected to be
exhausted by 2030—are influencing emerging mobility pat-
terns, largely based on technological advancements and ICT
connectivity [19]. These are anticipated to shape decisively
the future of transport and AVs in particular, offering benefits
but also establishing threats if not taken into account and ad-
dressed at an early stage [35, 46]. Since no comprehensive
tests, models or deployment have taken place at a large scale
to date, it is not possible currently to extrapolate any trend at
sufficient confidence levels [47]. Therefore this section re-
views contemporary and upcoming patterns to offer an over-
view of the potential future mobility outlook and the respec-
tive impact groups (Table 2).
Benefits
Safety is of paramount importancewhen assessing the benefits
of autonomous cars given that there are more than a million
road fatalities globally each year [48]. An anticipated outcome
of AVs is less traffic accidents due to reduced human inter-
vention and also increased personal safety due to the option to
monitor one’s journey through GPS and connected devices.
The latter may be evident in both private cars and public
transport [49], though there are ethical concerns regarding
the algorithms to be used for accident prevention. The deriv-
ing benefits by even a small improvement in safety levels
would be noteworthy for users, city and government authori-
ties, insurance companies as well as healthcare and policing
services. In addition, AVs can allow drivers not used to local
driving customs to drive anywhere globally e.g., a British
driver to drive in Germany (driving left/right side of the road);
someone used to driving with automatic gears to drive a rented
AV when on holidays i.e., no exclusion due to the use of
manual gearbox in that country; adjustment to local customs
and legislation e.g., driving in Mediterranean or Middle East
countries where driving seems more aggressive compared
with northern European countries.
Another common expectation driving research behind
autonomous cars is the minimum—if any—requirement
for human interaction during travel which minimises driv-
ing disutility, increasing comfort and offering the oppor-
tunity to engage with other work or leisure activities while
8 Battery autonomy refers to the capability of an electric car’s battery to
power the vehicle without charging.
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on board. Better use of travel time in AVs can be useful
both for urban and interurban trips, but naturally agglom-
eration effects would be more evident in urban areas. If
these effects contribute to lowering transport costs per AV
anywhere between US$2000 and US$4000 [20], then this
can be useful for New Economic Geography [50, 51]
analyses which have transport as an integral component
and may be used as a relevant theoretical framework.
Other benefits for users will be the opportunity to use
an autonomous car virtually anywhere in the world with
minimal need for local adjustments, along with the ability
to use an autonomous car without any age restrictions and
the observed link to road fatalities. The U shaped curve
(Fig. 2) essentially demonstrates that there is a higher risk
of young and elderly drivers—compared to middle aged
drivers—to be involved in fatal accidents the more they
drive. Fatality rates with AVs will not be dependent on
age, hence the flat line in cases 1–4. Depending on the
actual safety rate (red dotted line) of AVs (when opera-
tional and according to the technological case realised),
Table 2 Benefits and threats of future mobility facilitated through AVs categorised by impact group
Impact group Benefits
User Travel time is not driving time, so disutility decreases and comfort increases.
Travel time may be used for other work/leisure activities.
AVs can allow the integration of culturally diverse users in cities globally.
AVs can enhance demand for travel allowing passengers of any age to reach their destination safely.
Transport related social exclusion may be eliminated.
Government Increased safety due to less accidents (mainly in the era when only AVs will be on the roads).
More parking space will become available and it may be used for other purposes by city authorities.
If AVs are eco-friendly, there could be reduced air pollution and lower energy use from the transport sector.
Accessibility can improve for all travellers, including the elderly and disabled.
Business Significant business opportunities will arise for automotive manufacturers, particularly for conventional ones
which decide to enter this innovative market.
Expanding databases and innovative use of Big Data will allow the emergence of business opportunities and new
business models, creating value for stakeholders .
Logistics and supply chain business will reduce (congestion, time) costs through eco-driving, better route planning,
V2x communication and platooning.
Impact group Threats
User High cost of ‘smart’ infrastructure (V2I) to accommodate AVs.
Local congestion may increase if the aggregate number of journeys increases.
Cost of emerging mobility patterns can lead to social exclusion of certain groups if high.
Identifying and assigning responsibility for car accidents may become more fuzzy.
‘Digital divide’ can lead to increased social exclusion.
Better use of travel time may increase travel time e.g., daily commute, resulting in higher aggregate energy demand
at local and national level.
Widespread use of AVs can reduce walking and cycling, increasing obesity and negative health impacts.
Unintended consequences will arise such as privacy, surveillance and data management issues linked with ICT for
transport or the threat of wireless hacking to gain unauthorised control of AVs.
Government The adjustment period when both conventional human driven and autonomous cars co-exist on roads could impose
more car accidents.
Deciding on the optimal route will be a challenge particularly during extreme events and principles may differ across
cities complicating inter-urban journeys.
Emergence of diverse technologies by competing actors may lead in lack of coordination and common legislation.
Reduced employment demand for drivers and car technicians, increasing government costs for retraining and/or
unemployment benefits.
Business Better use of travel time may increase travel time to travel through routes with greater journey comfort leading to
increased congestion.
Development of competing technologies by diverse actors may lead to inefficient use of resources and the evolution
of competing standards internationally.
Vehicular communication network needs high transmission capacity equipment and proper penetration rate to achieve
optimal transport performance.
V2x stands for any type of communication from a vehicle (V) to (2) another transmitter/recipient (x)
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this fatality risk could be slightly reduced (e.g., cases 3–
4), significantly reduced (case 2) or even eliminated (case
1) for all users, including the young and elderly.
Through the use of social media and smartphone appli-
cations, cities can capitalize on the reduced demand for
parking converting parking spaces to other useful and
perhaps profitable land uses. The underlying assumption
here is that due to the wider use of AVs—and particularly
shared AVs—the total car fleet within a city will decrease.
Having a smaller car fleet decreases demand for parking.
This could be due to more efficient use of a single vehicle
by different household members which will reduce the
need for parking of this single vehicle—increasing its to-
tal VKT (Vehicle Kilometers Travelled), but reducing the
total kilometers travelled per user. In short, the ‘shared’
AV car is expected to be travelling most of the day, unlike
the ‘owned’ car which is parked most of the day. Aston-
ishingly, the average car in the US remains parked for
96 % of the time [52] and space used for car parking in
CBDs (Central Business Districts) can take up to 80 % of
CBD land area [53] highlighting the potential of this
transformation. Additionally, it has been estimated that
in Singapore for example, the total current mobility needs
of the city can be accommodated by approximately 1/3 of
the current passenger vehicle fleet if it was replaced with
a fleet of shared autonomous vehicles [54]. Such a move
would hugely impact congestion and may also introduce
environmental benefits through eco-driving, reduced
idling or platooning of AVs which improves fuel efficien-
cy and reduces the average travel time [55]. Equally, ac-
cessibility will be improved and transport related social
exclusion arising from lack of access to car driving
(e.g., due to disability which prevents driving or lack of
a valid driving license) may be eliminated.
Furthermore, city and regional authorities will benefit by
the installation and use of city dashboards, namely intelligent
operation centers,9 which will enhance traffic management by
converting data collected through V2x technology to useful
information. Being aware of bottlenecks and upcoming traffic
will allow authorities to direct traffic and emergency response
vehicles accordingly minimising delays within the overall
transport network. Databases will expand continuously due
to daily travel, which will allow local authorities to use Big
Data observing trends and patterns in near real-time. Sharing
such data in innovative ways under predefined conditions
through Open Data platforms [57] can create value and gen-
erate revenues for local and regional authorities.
Moreover, gamification is another channel which can meet
wider policy targets such as fuel saving, whilst at the same
time opening up new markets for software development and
marketing through individual or collective incentives [58–60].
At the moment it is estimated that about 5 billion devices are
connected and this volume is anticipated to increase to around
25 billion by 2020, with automotive related devices constitut-
ing a major component [61]. Despite earlier similar forecasts
not having been realised [62], it is obvious that new business
opportunities are arising concurrently for the transport and
logistics sectors. European industry in particular is orientated
to playing a leading role in this emerging landscape. The long
anticipated Galileo launch and its in-car satellite navigation
system [63], the EU Research and Innovation Framework
Programme H2020 priorities about ‘smart’ and ‘green’
Fig. 2 Fatality rates per distance
driven using conventional
vehicles and self-driving vehicles
as a function of driver/user age –
Source: [48]
9 City dashboards have existed for a number of years already (e.g., Am-
sterdam, Dublin, Leeds, London). However, the emergence of the ‘smart
cities’ notion along with ringfenced funding from local, national or inter-
national authorities have allowed organizations to seize the opportunity
and develop city and regional corporate solutions. IBM defines such
services as Bhelping government leaders to manage complex city envi-
ronments, incidents and emergencies with a city solution that delivers
operational insights^ [56]. The Rio Intelligent Operations Center for
Smarter Cities cost US$14 million, which demonstrates that a significant
amount of commitment and investment is required for their implementa-
tion and success.
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transport, along with relevant national policies e.g., in
The Netherlands or the UK (see The wider context
surrounding autonomous cars section), will be instrumental
in supporting European business development.
Threats
Urbanization trends in the 21st century may leave certain
European and global regions unable to adjust their trans-
port systems due to shrinking population (e.g., Detroit,
Riga, Vilnius) which can result in lack of essential—but
sometimes costly—‘smart’ infrastructure to accommodate
AVs. Similarly, there is a risk of autonomous cars or
shared transport services to be offered at high cost. The
latter can face consumer resistance to purchase and may
lead to social exclusion of lower income groups relying
on car travel, since it has been estimated that the annual
individual savings would average US$500 which will not
offset the predicted incremental annual cost of AV use
[64–66]. BMotorists spend on average US$2000 for fuel
and US$1000 for insurance per vehicle-year. If AVs re-
duce fuel consumption by 10 % and insurance cost by
30 %, the total annual savings will average US$500^
[64]. Thus, cost is a key dimension to focus on when
deploying AVs and it can mainly be reduced through
widespread adoption or a policy package approach [67]
to achieve economies of scale. On an aggregate urban
level, the pursuit of increased comfort during journeys
[68] can lead to the selection of routes with less intersec-
tions or other characteristics, ultimately resulting in in-
creased congestion and energy use. If autonomous cars
are not going to be 96 % of their time parked, there
may be adverse effects on congestion or energy use as
more kilometres may be driven per car [69]. What is cru-
cial to point out here is that the criteria and authority
deciding on the optimal route are vital, as it may eventu-
ally mean that users will not have complete autonomy to
select their travel route which may reduce their comfort
and incentive to use autonomous cars. However, as
Kitchin et al. [70] have stressed, taking such decisions
solely based on data acquired through city dashboards
could be risky since such information may be valuable
but often not comprehensive. Data acquired through city
dashboards may not be fully accurate due to the fact that
not all travellers are using ICT and due to problems po-
tentially faced by the technology used resulting in missing
or inaccurate data.
Arising complexities may be even higher at a national level
since identifying and assigning responsibility for car accidents
may becomemore fuzzy, increasing insurance premiums [71].
Given also that the average car age in the EU-15 area was
7.5 years in 2004—i.e., before the Eurozone crisis—with cars
in Luxemburg being changed every 3 years on average,
whereas in Greece they were changed every 13 years [72],
the transition period when both conventional and autonomous
cars will be used may have to be over a decade. Therefore, the
lack of coordination and common legislation could be a major
threat regarding accident liability [73] or fuelling the digital
divide and deriving social and spatial exclusion. Governments
will also have to consider seriously unintended consequences
such as privacy, surveillance and data management issues
linked with ICT for transport [74, 75]. A contemporary case
in the US10 identified the threat of wireless hacking to gain
unauthorised control of AVs (or even existing NHTSA Level
1–2 vehicles), which triggered approval of the Security and
Privacy in Your (SPY) Car Act of 2015 at a national level [78].
The storage, management and use of mobility data either gen-
erated by autonomous cars, by V2I sensors or by smartphone
apps are still at an embryonic stage and initiatives such as the
Privacy Impact Assessment [79] should be used more widely
at European or international levels to identify and address
such concerns.
From a business perspective, it is imperative to have in
place reliable ICT infrastructure since autonomous cars re-
quire high quality communication networks with high trans-
mission capacity equipment aside from a high market pene-
tration rate to achieve optimal performance. Although map-
ping issues [80] may be overcome while technology matures,
a key barrier in developing such networks may be the parallel
development of competing technologies which would mean
inefficient use of resources due to a lack of common interna-
tional standards. Additionally, businesses should ensure that
evolving services address the needs of the so called ‘invisible
groups’ [81], those social groups which are not the majority or
the average, since those needs are rarely taken into account at
the design phase [82] despite them constituting more than
15 % of the global population [83].
A threat which is often neglected and is at the core of this
paper is the risk of autonomous cars leading to the renaissance
of the private car against the ‘peak car’ theory and at the
expense of public and NMT (non-motorized transport). The
latter risk is particularly relevant for small and medium sized
cities of less than 500,000 inhabitants which form more than
90 % of the cities in Europe [84]. If these vehicles are offered
dedicated lanes to travel at the early deployment stages and in
combination with ICT advancements, such evolution could
lead to the resurgence of sprawled development and its inter-
connected impacts [47, 85]. Such impacts include higher obe-
sity levels or other negative health impacts intertwined with
lower levels of walking and cycling [86] which may exacer-
bate social segregation between those able to afford AVs and
those who will not.
10 A privacy vulnerability allowing remote access to a FCA (Fiat Chrysler
Automobiles group) vehicle resulted in action taken by US senators to
introduce and enact federal legislation [76, 77].
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On the whole, it is yet unclear whether AVs will deepen or
revert the ‘peak car’ phenomenon based on the aforementioned
evidence. If aggregate vehicle kilometres travelled within a city
are reduced due to technological improvements (e.g., advanced
V2x navigation) or car sharing11 and early findings of simula-
tions such as in Singapore can be confirmed, then ‘peak car’
may becomewidespread with a lasting impact. On the contrary,
if AVs introduce higher demand for longer commuting trips
(better use of travel time increasing well being) [88] and if
the car sharing element results in more aggregate vehicle
kilometres travelled, then ‘peak car’ may be reverted even in
developed countries where it has been detected. There are ben-
efits in either case though, since on one hand commuting time
can be reduced increasing working or leisure time. On the other
hand employers may benefit by increased productive time of
their employees while on transit or employees may benefit by
more leisure options while commuting (Fig. 3).
Choosing between the blessing and the curse
According to Stokes [4] who broadly abides to the ‘peak car’
theory for the UK, various scenarios are possible for the fu-
ture. His analysis predicts a minor increase of the overall car
use per person of less than 1% by 2019 and then a 3% decline
compared to 2013 levels by 2036. Additionally, he suggests
that a larger proportion of older (+65) women (>60 %) will
have access to a car as a driver in 2036 compared to less than
40% in 2012. This increase from <40% to >60% is important
as it will increase accessibility for elderly women who may
feel excluded nowadays as they cannot drive. This can in-
crease inclusion and gender equity as driving licenses have
to be renewed periodically after the age of 65 in several coun-
tries. Going back to the ‘peak car’ phenomenon we reiterate
Stokes’ (2013) main conclusion that given what is known
about ‘peak car’ we cannot forecast future levels of car use
at sufficient confidence levels. An important point to take into
account from this phenomenon in some developed countries is
that car travel does not have to rise perpetually, even at times
when there is no evidence to suggest we travel less. Evenmore
important, the ‘peak car’ phenomenon presents a unique op-
portunity to shape and influence not only future mobility
levels (how much we travel) but also how we travel. Hence
it can be said with high certainty that AVs will have a decisive
effect on future mobility.
Burns [89] ends his praise for the driverless cars by saying:
BWe must bring together technology, systems design methods
and business models to supply better mobility at low cost to
consumers and to societies^ (p: 182). This is an attractive
proposition with which it is almost impossible to disagree.
But it is the exact same thinking that brought the mobility
benefits of the ‘with-driver’ private car and the high-carbon
mobility with it, the one we now try so hard to move away
from. If it is hard to get people out of their cars it can be
expected to be harder to get people out of their autonomous
cars given the higher number of available options to use travel
time for work or leisure. Travel timewill then be seen as useful
time, namely not wasted time decreasing travel utility. If we
will choose to go down the road we now try so hard to escape,
the AVs will with high certainty be a curse.
At the same time and as noted previously, AVs offer a
unique opportunity to de-privatise car use through sharing
[90]. This could have a transformative impact on our mobility.
Even more so if sharing will be in the form of more than one
individual or groups using the car interchangeably (sharing
can take place temporally and spatially). Using AVs to boost
car sharing has the potential to reduce environmental impacts
[2, 55, 64]. Yet, this is often taken as given not considering at
all any unintended consequences, especially overlooking the
potentially large rebound effect stemming from overcoming
the reality of wasting time while in the car (or, put in other
words, the potential to use timemore productively while in the
car) especially when trying to find a parking space. Given that
transport is the sector with the highest growth in terms of
energy use and that 96 % of all transport uses fossil fuel [91,
92], fuel resources and green transport are intertwined.
Akyelken et al. [93] describe a continuum that runs from car
owning on one hand, through car and bike sharing, to public
transport on the other—the ultimate and full sharing mobility
service. The AV opens up the opportunity for new ‘green’
autonomous public transport. Building up on the use of driv-
erless trains (e.g., Docklands Light Railway in London), this
may take many different forms (see The wider context
surrounding autonomous cars section) transforming public
transport to a stronghold of our transport and mobility system.
Hence the AV can certainly be a blessing.
Whether the AV locks us further in or out of the ‘car based
society’ depends on the choices we make as a society, not
solely on a specific technological development. For the AV
to be a blessing and not a curse, technological development
has to be intertwined with societal change in the way we view
cars and our mobility. If societal change would make it possi-
ble to perceive public and sharing as superior to private and
individual transport, then autonomous vehicles could definite-
ly be seen as a blessing for future mobility.
Likewise, AVs can have an important role in either
sprawled or compact development, but building up on current
use and experience with the private car, they will more likely
contribute to sprawl and its effect on, for example, increasing
per capita energy consumption by private passenger transport
[94, 95].12 Recent evidence for the USA has shown that
11 Car sharing reduced car ownership levels in a US sample by half [87].
12 We are aware that there are opposite views about this, for example Cox
[96, 97].
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sprawled development imposes external costs of around
US$400bn annually on residents of sprawled areas and resi-
dents of other areas [85]. Comparing Atlanta and Los
Angeles, which experience almost 90 % private motorised
transport within their territory, with Berlin, London, Mumbai
or Hong Kong, where the respective share is less than 1/3,
showcases the different role of the private car in cities world-
wide [2]. Consequently, we must seriously weigh the benefits
alongside the threats of AVs and this is achieved here by
evaluating a survey about sharing transport modes in London.
Corresponding to a previous survey (n>2000) in the US
and the UK about the intention to use AVs where 49 % were
positive [98], a recent survey (n=1023) concluded that
Londoners are currently concerned about low carbon mobility
and are willing to use shared transport modes including bicy-
cles and electric cars. Nevertheless, the high sample propor-
tion (58 %) willing to use a shared EV scheme may be trans-
lated as a willingness to stop using the bicycle sharing scheme.
Therefore, there might be a risk of a reversal to higher car use
in the future [99].
Evidence suggests that ‘smart growth’ community resi-
dents typically own 10–30 % fewer vehicles, drive 20–40 %
less, and use alternative transport modes 2–10 times more than
in car-dependent locations [85]. Are AVs ‘smart’ just because
they are based on advanced technology? Will they still be
‘smart’ in the context of moving towards low carbon mobility
if used privately and not publicly? What the discussion above
mainly aims to demonstrate and highlight is that AVs, and
technological development in general, are not a policy and
cannot be a policy. The widespread use of AVs, like any tech-
nological development, is one important policy measure (or
tool) in whatever transport and mobility policy we choose to
promote as part of a wider strategy, and this is how they should
be seen. Even with the promising advances in the develop-
ment of the AV, there are still very hard and challenging policy
decisions to make and options to choose from.
How to proceed from here
In the high-carbon mobility business-as-usual scenario and
with the AV fully developed and becoming the central element
in the mobility and transport system, it is likely that for the first
time in history we will break from the one-hour per day (on
average) travel time budget [15, 100]. If we could sleep, meet,
work and eat in the AV while travelling, then travel time will
become a utility, not a disutility. The implications are im-
mense, not only for value of travel time estimation, and en-
compass probably every aspect of life, physical and social.
While there are undoubtedly good reasons for the excite-
ment associated with the development of the AV, policy and
research alike must take a cautious approach towards its de-
velopment. Governments—national and regional—will have
to take steps to critically examine transport policy strategy in
light of the AVevolution.More importantly, research that goes
well beyond the technical, safety, regulatory and commercial
aspects of AV development and deployment must be carried
out. The social aspects of adopting the AVand especially who
will be able to access it and who will not; the travel behaviour
implication of eliminating the need to drive; the infrastructure
investment and the land use alterations required; all need to be
carefully assessed within a research framework which is free
from any commercially vested interests.
In fact, the contemporary goal of most transport policy
plans to shift people out of their cars into walking, cycling
and public transport still applies. But the potential for this shift
is much larger with the AV. Even if the focus is currently on
the autonomous car, the autonomous public transport [101]
offers much more potential and AVs could prove to be the
key success factor for a transport system that relies on public
transport. Gains can even be extended if such autonomous
public transport is integrated with higher levels of walking
and cycling especially for the last mile travel [86]. The AV
technology in a way does not make a big difference for trans-
port policy, but at the same time it can make it much easier or
harder to achieve the transport policy goals we set. Since the
AV is imminent, the choice will have to be made and the
sooner we make an informed and realistic decision on the role
of the AV in the future mobility and transport system, the
better. Otherwise we will find ourselves on the road we so
hard try to get off from today.
As alluded to above, in many respects and despite its rev-
olutionary flavour, the AV does not change much when it
comes to deciding on the main principles for transport policy.
Fig. 3 AVsmay be even used to sleepwhile on transit. The Stained Glass Driverless Sleeper Car (or mini Cathedral) byDominicWilcox, commissioned
by MINI and Dezeen.com. Images by Sylvain Deleu
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Revising Table 1, the choice between pathways A, B or C
remains the same and is still challenging both options, namely
with and without the introduction of AVs. These choices must
be made now, otherwise we are sure to continue on the
business-as-usual pathway of high-carbon mobility. Surely it
will be inevitable to have a transition period of AVs, semi-
autonomous and manual cars coexisting on roads as with the
uptake of any other new technology. Thus planning should be
cautious taking into account the benefits and threats (see
Benefits and threats of future mobility patterns section) until
the use of AVs gains broader momentum and we make up our
minds about their public or private element [44] and until
effective legal frameworks evolve.
In a post-economic-crisis Europe, it is important to
prioritise environmental targets whilst minimising costs and
the need for new infrastructure. Also with the AVwewill have
to decide if we fight climate change and reduce air pollution; if
we support European business to become a global leader in
this field or if we allocate funds to other sectors; if we pre-
serve, increase or reduce travel speed (overall within the trans-
port system) and if we plan our cities for people or for
(autonomous) cars. Applying a package approach [67] could
allow several targets to be met, ensuring that we meet not only
the likely but also the desirable outcomes. Those desirable
outcomes should allow benefits to be dispersed across differ-
ent impact groups and geographical locations across Europe
and elsewhere.
For that reason, research on AVs should be multidis-
ciplinary and inclusive, addressing dissimilar issues
ranging from vehicle navigation and the effects of
V2V on fuel efficiency to public acceptability and legal
barriers while testing autonomous public transport in
practice. Designing and assessing all aspects of AV tri-
als such as those taking place in Michigan or Trikala is
an indispensable step in testing innovative technologies,
whereas promoting future collaborations between re-
search, industry and government will only be beneficial,
allowing a synergetic development model to emerge
which can be replicated in more sectors. In essence,
these efforts will inform decisions about the long-term
impacts of new technologies on transport and urban
form, the evaluation of these impacts and the kinds of
governance which work successfully for the transport
system [19, 40, 55, 68, 102–104].
The role of government in a pre-AVs era is critical and
should focus, as it should always do, on policy, particularly
transport policy and land use policy in this case. Governments
should also observe the market, providing useful frameworks
or regulations where needed, allowing however core profit
driven actors to enter and reap any investment risks or re-
wards. Nevertheless, governments should find ways to incen-
tivize AV development in alignment with its broader policy,
which should remain achieving low carbon mobility.
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